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Abstract

We examined whether telomere lengths of peripheral blood mononuclear cells are associated with immunoglobulin gene usage in 21
familial chronic lymphocytic leukemia (CLL) patients. Subjects with unmutated V genes tended to have shorter telomeres than those with
somatic mutations, especially after adjusting for age. Unlikenvutation status, telomere length was not predictive for survival. Our
results suggest that telomere length is associated witlgdhe mutation status and provides further evidence that the biological basis of
familial B-CLL is similar to that of sporadic patients.
© 2002 Elsevier Science Ltd. All rights reserved.

Keywords:Familial CLL; Telomere length; M mutation

1. Introduction and indolent disease is of great interest and may be particu-
larly pertinent, since familial CLL patients may die of com-
The study of families with multiple cases of a disease plications related to CLL rather from other causes, due to
aids in the delineation of the genes and environmental fac-their earlier age of onset.
tors that may contribute to the development of both familial ~ Some potential markers of disease that have been reported
and sporadic forms of the disease. Although familial chronic to be predictive in sporadic CLL cases include CD38 expres-
lymphocytic leukemia (CLL) is morphologically and im- sion and V gene mutation status [2,3]. In addition, telomere
munophenotypically indistinguishable from sporadic CLL, length and telomerase activity have also been examined as
familial clusters of CLL have consistently been observed predictors of CLL disease progression [4,5]. With the excep-
and some differences have been noted. We reported that fation of germline and hematopoeitic stem cells, most normal
milial CLL cases have an earlier mean age of diagnosis andsomatic cells have limited proliferative capacity and recent
higher frequency of second primary tumors than sporadic studies have implicated telomeres and telomerase in the reg-
CLL cases [1]. ulation of this lifespan. Determination of telomere lengths
The clinical picture of B-CLL is extremely variable with ~ of cell populations provides an estimate of its replicative
some patients having very indolent disease, while others history and remaining life span. Bechter et al. have reported
have aggressive disease and die rapidly. Identification of bi- that telomere length (and telomerase activity) has a strong
ological markers that could distinguish between aggressiveimpact on the survival of sporadic B-CLL patients [4]. They
found short telomeres to be significantly associated with a
Abbreviations:CLL, chronic lymphocytic leukemia; NCI, National Can-  shorter median survival in 58 cases. Counter et al. also re-

cer Institute; TRF, terminal restriction fragment; PBMC, peripheral blood ported shorter telomeres in a series of CLL patients with
mononuclear cells; TA, telomerase activity; GC, germinal center; WBC, progressive disease [5]
white blood cell ’ . .
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were similar to those reported in sporadic CLL [6]. In our 2.3. Amplification, cloning, and sequencing of
ongoing effort to characterize the molecular features of fa- immunoglobulin heavy-chain genes
milial CLL cases in relation to sporadic CLL cases, we eval-

uated whether telomere length is associated withgéne DNA of rearranged immunoglobulin heavy-chain genes

mutation status and whether telomere length is predictive of was amplified by polymerase chain reaction, cloned, and

survival in this same series of familial patients. sequenced, using a previously described method [6]. Assays
were conducted with laboratory personnel blinded tg V

2. Materials and methods mutation and clinical characteristics of the patients.

2.1. Study population 2.4. Statistical analysis

The 21 individuals from 11 families who are part of ANOVA and non-parametric analyses (Wilcoxon Rank
this study are a subset of patients of the National Canceryggy) were conducted to evaluate the association between
Institute (NCI) familial CLL registry previously described  iqjomere length by heavy-chain mutation status (as well as
[1]. Patients meeting the B-CLL diagnosis criteria of the \yith median age and gender). In order to adjust for age at
NC|-§ponsored working group W|th_ available b|o|o_g|cal blood draw, age was included as a covariate in generalized
specimens and DNA sequences previously characterized 0fjinear models to estimate least-squared mean telomere length

the Ig Viy genes were eligible [6]. The patients were staged p, heqyy-chain mutation status using SAS Version 8.0 (Cary,
at diagnosis according to the modified Rai system. With o

the exception of one patignt, a]l patients were classﬁfied to Tr.1e log-rank test was used to compare Kaplan-Meier
either the low or intermediate risk groups at diagnosis. survival curves using SPLUS 2000 (Seattle, WA). The period
from the date of diagnosis to the date of death or last contact
was used for survival analysis. Deaths due to causes other
than CLL were treated as censored observations. All tests
of statistical significance were two-sided.

2.2. Determination of telomere length

Peripheral blood mononuclear cells (PBMC) were ob-
tained from heparinized peripheral blood after hypaque fi-
coll purification. Equal amounts of DNA were digested with
Alul and HinFlI, and restriction fragments were resolved by
pulsed-field gel electrophoresis. DNA was transferred to a 3- Results and discussion
nylon membrane by southern blotting and hybridized with
an alkaline phosphatase-conjugated telomeric probe (Life In our study of 21 familial CLL patients, we observed
Technologies, Rockville, MD). Hybridized probe was de- shorter telomere length among 13 subjects with no somatic
tected following chemiluminesence (Whatman BioScience, mutation (“unmutated”) in their immunoglobulind/genes
Newton Center, MA) and exposure to Kodak Biomax MR when compared to the eight patients with somatic mutations
2 film (Sigma, St Louis, MO). The digitized lumigraph was (“mutated”) (5180.5 bp versus 6594.3 bp,= 0.058); this
analyzed using LabWorks Image Analysis Software (UVP association reached statistical significance after adjusting for
Laboratory Products, Upland, CA) and terminal restriction age (5016.9 bp versus 6860.2 ip,= 0.026) (Table 1). In
fragment (TRF) length was calculated as the mean lengthaddition, a greater shortening of telomere length was ob-
weighted by signal intensity. All samples were analyzed for served among \ mutation negative patients when clinical

telomere length at least in duplicate. stage at diagnosis was taken into consideration (modified Rai
Table 1
Clinical characteristics of cases byy\Mnutation status
Characteristic ¥, unmutated (13) M mutated (8) P
Age (years) 55.3£10.4) 64.9 £9.7) 0.05
WBC (K) 54.2 &37.0) 27.4 £21.5) 0.05
No treatment 2 5
Gender
Male 9 3
Female 4 5 0.20 (Exact)
Vital status: deceased 5 0
Average years follow-up 5.55H2.8) 11.1 ¢10.8) 0.20
Mean TRF (bp) 5180.5 6594.3 0.058
Adjusted mean TRF (bp) 5016.9 6860.2 0.026

aTwo subjects for whom treatment information was not available.
b Unadjusted mean.
¢ Adjusted for age.
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Fig. 1. Survival probabilities comparing CLL patients with mutated (mutations of immunoglobulin heavy-chain variable regiofmiated”, presence
of somatic mutations; “unmutated”, absence of somatic mutations) and unmutategenés.

intermediate risk group: 4600.7 bp versus 7646.0Pp+ cially longer measure) or to less cellular division. However,
0.006). we did not observe a correlation between telomere length
The data presented here are broadly consistent with re-and white blood cell (WBC) countf = —0.135,P = 0.56)
sults reported by Bechter et al. [4] and Counter et al. [5] and adjusting for WBC in our model did not alter our find-
that shorter telomere length is associated with progressiveings. Furthermore, we did not observe a bimodal distribution
disease. Although, we did not observe a significant effect of in TRF among subjects with lower WBC count, suggesting
telomere length for survival (data not shown), a tendency for that sorting to eliminate the few remaining non-malignant
shorter telomere length was observed among patients withcells would not have altered our conclusions. In addition,
unmutated V genes. Survival analysis in our familial cases our data are consistent with preliminary results reported in
also supports the prognostic impact of;\gene mutation  sporadic cases by Damle et al. using a similar approach [9].
[2,3,7], where all five deceased individuals had unmutated In conclusion, our results in familial cases suggest that
V genes {2 = 4.5, P = 0.03) (Fig. 1). One explanation for  telomere length is associated withy\§ene mutation status
the inconsistency in statistical significance between the two and may be correlated with clinical behavior. Moreover,
biomarkers in their prognostic value may be attributable to these findings are consistent with results reported in spo-
small sample size. radic CLL patients, suggesting that at least with regard
Furthermore, the results in this study are compatible with to these biological characteristics, these diseases may be
the classification of B-CLL cases into two categories: those indistinguishable.
that develop from riae B lymphocytes and those stemming
from more mature, post-germinal center (post-GC) memory
B-cells. In a study by Weng et al. [8], a tight regulation of Acknowledgements
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